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Abstract
We isolated and characterized 11 microsatellite loci in the Mona Island iguana (Cyclura
cornuta stejnegeri). Eleven loci exhibit moderate to high allelic diversity (two to 12 alleles,
mean = 4.5) and polymorphism (mean observed heterozygosity, 0.56; range, 0.26 to 0.78) in
41 adults. This marker set has low probability of identity and high parentage exclusion
power and will be suitable for studies of paternity, social organization and relatedness in
this species.
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Rock iguanas (genus: Cyclura) are large herbivorous
lizards endemic to islands in the Caribbean. All species and
subspecies are highly threatened mainly because of habitat
loss and the introduction of exotic species. Presently, all are
protected under CITES, with five of 17 forms considered to
be ‘Endangered’, and eight ‘Critically Endangered’, by the
International Union for the Conservation of Nature and
Natural Resources (Alberts 1999). As part of a larger study
to investigate the reproductive strategies, relatedness, and
population size of the Mona Island iguana, we developed
an enriched library and isolated a novel set of microsatellite
markers for this species.
We modified the procedure outlined by Bloor et al. (2001)
to create two enriched microsatellite libraries. Briefly, we
extracted DNA from blood samples of six individuals
stored in buffer (100 mm Tris, 100 mm Na2EDTA, 10 mm
NaCl, 1% SDS) at a ratio of one part blood to two parts
buffer (Malone et al. 2000) using a QIAGEN DNeasy Tissue
kit. We digested approximately 9 μg of genomic DNA
with the restriction enzyme Sau3AI (Promega), ligated
the digested DNA to Sau3AI linkers (Clark 2006) and size-
selected these fragments (400–1000 bp). The subsequent
polymerase chain reaction (PCR) amplification was done
using QIAGEN Taq PCR Master Mix Kit and the SauL-A
primer. We enriched and captured the microsatellite-
containing fragments by an overnight hybridization at
48 °C to 3′ biotinylated (CA)15 and (GA)15 oligonucleotides
bound to streptavidin-coated magnetic beads (Dynabeads
M-280, Dynal Biotech/Invitrogen). The enriched fragments
were eluted by suspending the beads in 50 μL of double-
distilled water, heating them at 95 °C for 5 min and extracting
the supernatant. These fragments were re-amplified using
QIAGEN Taq PCR Master Mix Kit and the SauL-A primer
following Bloor et al. (2001) and an annealing temperature
of 65 °C. This product was purified using the QIAGEN
QIAquick PCR purification kit before cloning using the
Invitrogen TA cloning kit. Individual recombinant clones
were hand-picked and used as template for a PCR amplifica-
tion using universal M13 primers. We sequenced the PCR
products of 182 clones in both directions using universal
M13 primers and ABI Big Dye terminator chemistry and
run them on an ABI 3130xl sequencer (Applied Biosystems).
We constructed the aligned sequence contigs from the for-
ward and reverse sequencing reactions using sequencher
4.5 (Gene Codes).
The resulting libraries were highly enriched for micros-
atellite repeats, with 134 of 182 clones containing unique
microsatellites. PCR primer pairs were designed for loci
that contained at least 12 repeats (Table 1). We added an
M13 tail (5′-CACGACGTTGTAAAACGAC-3′, Steffens
et al. 1993) to the 5′ end of one primer in each pair. The
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Table 1 Microsatellite loci and flanking primers developed from a Cyclura cornuta stejnegeri enriched microsatellite library. Primer pairs were designed using macvector version 9.02
(Accelerys). The ‘M13 tail’ column indicates which primer had the M13 attached. Note that the annealing temperature (Ta) was optimized after the addition of the M13 tail. Number of
individuals scored (N = 41), motif, fluorescent tag used in M13 tail, number of alleles per locus (Na), observed and expected heterozygozities (HO/HE), Weir & Cockerham’s FIS, estimated
frequency of null alleles (r) (Chakraborty et al. 1992), probability of identity for unrelated individuals (PID_NR) and for siblings (PID_S) (Taberlet & Luikart 1999), parentage exclusion
probabilities for one false parent (PEX_1) and for two false parents (PEX_2) (Jamieson & Taylor 1997). None of the loci presented deviated significantly from Hardy–Weinberg equilibrium
or showed linkage disequilibrium (P < 0.05)
Locus
GenBank 
Accession no. Primer sequence 5′–3′ M13 tail Na Motif Ta (°C)
Fluorescent 
tag Na HO/HE FIS r PID_NR PID_S PEX_1 PEX_2
F: TGCCTTTAAGCCATTGCAC
Ccste_01 EU040043 R: CTGGTGACAGACTGAAACTTCC F 39 (AC)14 52 NED 2 0.26/0.22 –0.1343 –0.07 0.63 0.8 0.1 0.02
F: CAGTGTGGATTTGGTGCCCTC
Ccste_02 EU040044 R: CCCTTTCCTTTCTGCTTGTATTTTG R 38 (CA)12 55 PET 3 0.47/0.56 0.1701 0.09 0.26 0.41 0.3 0.16
F: TGTTGCCTTCATCCTTCCTGTG
Ccste_03 EU040045 R: CCTTGTGTTTCTCCCTTCATCTTG F 39 (GT)13 58 PET 3 0.46/0.59 0.2267 0.12 0.25 0.97 0.3 0.17
F: TCATCAAATACAGTCATCCCTCCAC
Ccste_04 EU040046 R: TCCTGGGTGTCCATTCTCCC F 37 (GT)12(TCTA)6TCTG 58 NED 2 0.49/0.50 0.0343 0.01 0.38 1.51 0.19 0.12
F: CTCGGCAAGGATGAACAAATAAATG
Ccste_05 EU040047 R: GGAAACAGTGAAACAGCAGGGG R 41 (TCTA)17 55 NED 10 0.78/0.76 –0.0171 –0.01 0.09 0.23 0.56 0.38
F: CAAGCCTTTACAGTCAAGCAAG
Ccste_06 EU040048 R: AAGAAAATGGG TGGATGAGG R 41 (CA)17 55 NED 4 0.41/0.46 0.1076 0.05 0.34 3.91 0.25 0.11
F: AAAATTCCACGCAATGCC
Ccste_07 EU040049 R: C CATAAGCCAATAGGTGATTTG R 40 (TA)5(TG)13 50 6-FAM 3 0.65/0.64 –0.0065 –0.01 0.2 0.61 0.35 0.2
F: TGCC TTTAAGCCATTGCAC
Ccste_08 EU040050 R: CTGGTGACAGACTGAAACTTCC R 41 (GT)14 55 NED 3 0.63/0.57 –0.1005 –0.05 0.26 1.27 0.29 0.16
F: CAGGCTATTTCTGTCAAGTATG
Ccste_21 EU040063 R: TTTCTCTCTCTTTCTCTTCCC R 41 (TG)8C(GT)11 56 6-FAM 3 0.56/0.55 –0.0127 –0.01 0.28 1.08 0.27 0.15
F: ACACAATCCAAGCTGCTTTTAC
Ccste_22 EU040064 R: AGTAGCCCTTATCATGTAGCTCAG R 41 (CA)16(TATC)23(CATC)19 52 PET 5 0.73/0.69 –0.0444 –0.03 0.14 0.48 0.46 0.28
F: CGGAAATCAC TTGATGG TCA
Ccste_76 EU040118 R: CAGTAGGGGTAGCCCTGTCA F 41 (TATC)12 58 PET 12 0.76/0.78 0.0399 0.01 0.08 0.56 0.59 0.41
Mean 4.5 0.56/0.57
Range 2–12
Cumulative 0 0.001 0.99 0.92
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specific primer tailed depended on the degree of associated
secondary structure estimated using oligo version 6
(Molecular Biology Insights). Eight additional loci were
designed and optimized; however, they were not included
in the analysis due to lack of polymorphism or partial
screening, and are available upon request. Sequences for
58 additional microsatellite loci that possessed sufficient
flanking region were submitted to GenBank (Accession
nos. EU040054–EU040062 and EU040068–EU040116).
PCR annealing conditions were optimized for each locus
using an Eppendorf Mastercycler gradient thermocycler
and the following PCR conditions: 2.5 ng/μL template
DNA, 1× QIAGEN PCR buffer (Tris-HCl, pH 8.7 at 20 °C,
KCl, 1.5 mm MgCl2 and (NH4)2SO4), 200 μm of each dNTP,
0.375 μm of the unmodified primer, 0.025 μm of the primer
with the M13 tail, 0.375 μm of the fluorescently labelled
(6-FAM, NED, or PET) (Applied Biosystems) M13 primer,
and 0.05 U QIAGEN Taq polymerase (final reaction volume
6 μL). The reaction had an initial denaturation step at
94 °C for 3 min, 30 cycles of denaturation at 94 °C for 30 s,
primer specific annealing temperature (Table 1) for 30 s, and
extension at 72 °C for 1 min, followed by a final extension
at 72 °C for 20 min (except locus Ccste_05, which had a
final extension time of 30 min). PCR products were electr-
ophoresed on an ABI 3130xl sequencer (Applied Biosystems)
and the sizes of particular alleles were estimated using
GeneScan 500 LIZ Size Standard and genemapper 4.0
software (Applied Biosystems).
We screened 41 adults from two geographically separated
locations (Pájaros, n = 19 and Sardinera, n = 22, distance = 8
km) on Mona Island. We used genepop version 3.4 (Raymond
& Rouset 1995) to calculate FIS values according to Weir &
Cockerham (1984), to determine deviations from Hardy–
Weinberg equilibrium using the exact probability test,
and to test for linkage disequilibrium. We used genalex 6
(Peakall & Smouse 2006) to calculate observed and expected
heterozygosities, probabilities of identity for unrelated
individuals and siblings (according to Taberlet & Luikart
1999), and exclusion probabilities for the one and two parent
scenarios (according to Jamieson & Taylor 1997). We deter-
mined the frequency of null alleles by hand according to
Chakraborty et al. (1992).
All 11 loci were highly variable with a mean of 4.5 alleles
per locus (two to 12). There were no significant deviations
from Hardy–Weinberg equilibrium or evidence of linkage
disequilibrium at any locus after conducting a sequential
Bonferroni correction for multiple comparisons (Rice 1989).
Furthermore, all loci, with the possible exception of Ccste_03,
had a low frequency of null alleles predicted from the
genotype patterns. Overall, the cumulative probability of
identity both for unrelated individuals and for siblings
was very small (< 0.001). In addition, cumulative prob-
abilities of parental exclusion were high (P > 0.92). The
new markers set will be a powerful resource for ongoing
studies addressing key questions about the population and
reproductive biology of this endangered species.
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